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PREPARATION OF NOVEL HYDROXYL 
TERMINATED EPOXY POLYETHER 

POLYMERS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the preparation of novel 
liquid epoxy polyether polymers Which do not require the 
presence of organic solvents and Which are rapidly curable 
With conventional multifunctional curing agents, such as 
amines, to produce environmentally-stable, ?exible gap-?ll 
or caulking materials, composites, paints and/or protective 
surface coatings. 

2. State of the KnoWn Art 

Curable epoxy polyether polymers are Well knoWn 
coating, gap ?ll and/or caulking materials, and reference is 
made to US. Pat. Nos. 4,786,667 and 4,960,844 for their 
disclosure of such polymers. HoWever, most such polymers 
are UV-sensitive, brittle at loW temperatures, dif?cult to 
pigment, susceptible to rain-erosion and/or require the use of 
organic solvents Which contain total toxic organics (TTO), 
volatile organic compounds (VOC) or chloro?uorocarbons 
(CFC). 

It is knoWn to produce polymers, including polyether 
polymers, from ole?nic epoxy monomers, and reference is 
made to US. Pat. No. 4,647,642 Which reacts 1-allyloxy-2, 
3-epoxypropane With a polyphenol in the presence of a 
strong alkali to form an allyloxy-terminated polyphenol 
derivative, and then copolymeriZes it With a polysiloxane. 

It is desirable to provide a liquid epoxy polyether polymer 
Which requires no solvent, can be made Water-soluble and 
electrodepositable, is receptive to pigments and stable to 
UV, and is rapidly-curable With conventional multifunc 
tional curing agents such as di-,tri-,tetra-functional, etc., to 
produce a stable ?exible protective coating, paint, adhesive, 
composite or caulk composition. 

SUMMARY OF THE INVENTION 

The present invention relates to a novel process for 

producing curable, liquid, hydroxyl-terminated epoxy poly 
ether polymers by the direct polymeriZation of vinyl epoxy 
ether monomers in the presence of a strong alkali, to form 
a hydroxyl-terminated vinyl polyether polymer, folloWed by 
the epoxidation of the vinyl groups to form a curable, liquid 
hydroxyl-terminated epoxy polyether polymer Which is 
stable against unintended polymeriZation, in vieW of the 
epoxidation of the vinyl groups. The formed liquid polymer 
is rapidly curable With the addition of conventional multi 
functional curing agents, such as primary, secondary or 
tertiary amines, or phosphines (:PH3> :PHZR, :PHRZ) etc.), to 
produce environmentally-stable ?exible elastomeric poly 
mers in the form of coatings, adhesives, composites caulks 
and similar compositions. 

DETAILED DESCRIPTION 

The present method for producing stable, ?exible rapidly 
curable hydroxyl-terminated epoxy polyether elastomers is a 
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tWo-step method in Which (a) a liquid allyl ether epoxy 
alkane monomer, preferably 1-allyloxy-2,3-epoxypropane 
or allyl glycidyl ether, is polymeriZed in the presence of a 
strong alkali, folloWed by (b) the epoxidation of the terminal 
double bonds to produce a stable, curable liquid hydroxy 
terminated epoxy alkane polyether (HTEPE) elastomer 
Which is rapidly curable With conventional curing agents to 
form a stable, ?exible coating, composite or caulk compo 
sition. The step of polymeriZing the vinyl ether epoxy 

monomer, i.e., 

CH2, 

in Which n is an integer from 1 to 10, may be carried out 
according to the folloWing example. 

EXAMPLE 1 

Amixture of 1-allyloxy-2,3-epoxypropane (25.0 g, 220.0 
mmol) and poWdered potassium hydroxide (3.0 g) Was 
stirred at 24° C. under argon for forty eight hours. The 
mixture Was dissolved in benZene and then Washed With 

Water, dilute sulfuric acid, saturated sodium bicarbonate 
solution and ?nally With Water until neutral. The benZene 
extract Was concentrated in vacuo and the residue Was dried 

further in high vacuum to give hydroxy terminated poly 
(allyloxy-propane) or hydroxy terminated poly (diglycidyl 
ether), referred to as HTPDGE. as a rubbery polymeric 

product (20.2 g), as veri?ed by HNMR and IR spectra. 

To prevent the polymeriZation of the terminal double 
bond of the hydroxy terminated poly(allyloxy-propane), the 
product Was immediately epoxydiZed according to the fol 
loWing example. 

EXAMPLE 2 

To a stirred solution of meta-chloroperbenZoic acid (20.0 
g, 116.0 mmol) in dry chloroform (30 ml) Was added a 
solution of hydroxy terminated poly(allyloxy-propane) 
product (11.6 g, 101.3 mmol) in dry chloroform (60 ml) at 
0° C. (ice-bath) over the period of thirty minutes under 
argon. The reaction mixture Was stirred at room temperature 

overnight. After tWenty hours of reaction, the mixture Was 
Washed With 10% sodium bicarbonate solution and dried 
over anhydrous sodium sulfate, ?ltered and the ?ltrate Was 

concentrated in vacuo to give the epoxidiZed product (15.1 
g). The proton NMR spectrum of the product shoWed the 
presence of epoxidiZed product including some unreacted 
double bond. 

The direct anionic polymeriZation of 1-allyloxy-2,3 
epoxypropane in the presence of potassium hydroxide, fol 
loWed by epoxidation of the terminal double bond to give the 
stable hydroxy terminated epoxypolyether (HTEPE) is illus 
trated as folloWs: 
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The preferred vinyl ether epoxy monomer for use accord 
ing to the present invention is the allyl ether, i.e., Where n=1, 
sometimes referred to as the l-propenyl ether, but the higher 
alkenyl liquid l-alkenyl ethers in Which n=2 to 10, such as 
the l-butenyl ether, the l-pentenyl ether and the l-hexenyl 
ether have reactivities similar to the allyl ether monomers 
are also suitable for the formation of the present hydroxyl 
terminated epoxy polyether polymers in Which X is a number 
greater than ?ve. 

The polymerization of the liquid vinyl ether epoxy mono 
mer is carried out in the presence of a strong base Which is 
soluble in the liquid monomer and Which is separable from 
the formed polymer. Potassium hydroxide is the most pre 
ferred in these respects since it is soluble in the monomer, 
insoluble in the formed polymer and can be Washed there 
from by means of Water. Sodium hydroxide is also suitable, 
as are other knoWn strong bases. 

The second reaction according to the present process 
involves the oxidation of the vinyl groups of the formed 
hydroxy-terminated vinyl polyether polymer to form cyclic 
three-membered ethers (oxiranes) by the reaction of a per 
acid such as a perbenZoic acid With the ole?nic double bonds 
of the vinyl groups, conventionally knoWn as epoxidation. 
The vinyl polyether polymer is dissolved in a suitable 
solvent, such as chloroform (trichloromethane), and reacted 
With the peracid, such as a solution of meta 

chloroperbenZoic acid in the same solvent, chloroform. The 
formed hydroxyl-terminated epoxy polyether polymer 
(HTEPE) in Which x is a number greater than ?ve is 
?oWable, stable and rapidly cross-linkable by the addition of 
a primary, secondary or tertiary amine or phosphine curing 
agent of the type conventionally used for the curing of epoxy 
polymers. 

Curing takes place rapidly, i.e., Within about forth ?ve 
minutes at normal ambient temperatures and more rapidly at 
more elevated temperatures, such as about ?ve minutes at 
60° C. The cured polymer is solid and non-tacky but remains 
?exible and crack-resistant and has excellent bonding prop 
erties Within gaps and for surfaces to Which it is applied. 

It should be understood that the foregoing description is 
only illustrative of the invention. Various alternatives and 
modi?cations can be devised by those skilled in the art 
Without departing from the scope of the present invention. 
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Accordingly, the present invention is intended to embrace all 
such alternatives, modi?cations and variances Which fall 
Within the scope of the appended claims. 

I claim: 

1. Process for the preparation of a curable liquid 
hydroxyl-terminated epoxy polyether polymer comprising 
the steps of: 

(a) homo polymerizing a liquid vinyl ether epoxy mono 
mer having the formula 

in Which n is an integer from 1 to 10, in the presence of a 
strong alkali, to form a hydroxy-terminated vinyl polyether 
polymer in the form of a rubbery elastomer having the 
formula: 

OH 

O 

HO X 

0 

o / 
/ (CH2), 

(CH2), 

2 2 
in Which n is an integer from 1 to 10 and X is a number 

greater than ?ve, 

(b) reacting said hydroxyl-terminated vinyl polyether 
polymer With an organic peroxy acid to epoxidiZe the 
vinyl groups and form a liquid hydroxy-terminated 
epoxy polyether polymer having the formula: 
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OH 

HO 

O 

(CH2), 

O 

in Which n and X have the values given above, Which is 
rapidly-curable by means of conventional multifunctional 
curing agents. 

2. Process according to claim 1 in Which the vinyl ether 
epoxy monomer comprises allyl glycidyl ether. 

3. Process according to claim 1 in Which the strong alkali 
in step (a) comprises poWdered potassium hydroxide. 

4. A process according to claim 1 in Which the organic 
peroXy acid of step (b) comprises chloroperbenZoic acid and 
the reaction takes place in a volatile liquid Which is a solvent 
for both said acid and said vinyl polyether polymer. 

5. Process for the preparation of a curable liquid 
hydroXyl-terminated epoXy polyether polymer comprising 
the steps of: 

(a) homo polymeriZing allyl glycidyl ether having the 
formula 

CH2 

in the presence of a strong alkali selected from the group 
consisting of potassium hydroXide and sodium hydroxide, to 
form a hydroXy-terminated vinyl polyether polymer in the 
form of a rubbery elastomer having the formula: 
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3O 

35 
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WW 
in Which X is a number greater than ?ve, 

(b) reacting said hydroXyl-terminated vinyl polyether 
polymer With chloroperbenZoic acid in a volatile liquid 
Which is a solvent for both said acid and said vinyl 
polyether polymer to epoXidiZe the vinyl groups and 
form a liquid hydroXy-terminated epoXy polyether 
polymer having the formula: 

OH 

01/7 HO X 

/f7/ 0 
o / 

/ CH 

)0 
in Which X has the value given above, Which is rapidly 
curable by means of conventional multifunctional curing 
agents. 

CH2 


